Experimental Procedures Zeolite 13X was obtained from Sigma-Aldrich. SIFSIX-3-Ni, [1] Mg-MOF-74, [2] UiO-66-NH 2 , [3] Ni-MOF-74 [4] and HKUST-1 [5] were synthesised according to literature procedures.
Preparation of {[Ni(pyrazine) 2 (TiF 6 )] n } (TIFSIX-3-Ni). Nickel hexafluorotitanate (0.500 g, 2.27 mmol) and pyrazine (2.50 g, 31.2 mmol) were dissolved in 1 mL of deionised water and stirred for 48 h at room temperature to yield an as yet uncharacterised polycrystalline precursor of TIFSIX-3-Ni (blue colour powder). The precursor was air dried and heated at 160 °C for 24 h to obtain the desired TIFSIX-3-Ni. Activation of TIFSIX-3-Ni was achieved by degassing the sample on a SmartVacPrep™ using dynamic vacuum and heating for 24 h (sample heated from RT to 160 °C with a ramp rate of 10 °C/min).
Preparation of {[Ni(pyrazine) 2 (NbOF 5 )] n } (NbOFFIVE-1-Ni). The compound
NbOFFIVE-1-Ni was synthesised and activated using a reported synthesis method. [6] TGA-Temperature-Programmed Desorption (TPD) Studies. Gas mixing rig coupled independently with a TGA instrument TA Q50 V20.13 Build 39 and mass spectrometer (MS) Agilent 5975 MSD was used for the TGA-TPD studies, see Fig. S1 . A typical test involved activating the sample by heating at desired temperature under a 60 mL/min flow of nitrogen gas and then cooling it down to 30 °C before the introduction of the desired gas mixture. Gas ratios was controlled and monitored by mass flow controller whereas moisture was introduced by passing the pre-mixed gas mixture through a gas bubbler containing water.
Increase in weight was monitored until it began to plateau along with exposure time and gas flow conditions. Composition of the adsorbed species was analysed during the desorption cycle using the mass spectrometer. Custom-made fixed-bed flow system consisting of gas delivery system, a reactor housed in a furnace and a mass spectrometer detection system was used for the TPD experiments. Amount of guest adsorbed and the temperature at which desorption occurs can be figured out using the TPD profiles. A typical CO 2 TPD profile tells us about the amount of CO 2 adsorbed and the range of desorption temperature. It is carried out by placing the sorbent in a quartz tubular reactor and the sample is fixed within it using quartz wool. Helium is passed through the reactor until a constant signal is recorded by the mass spectrometer followed by increase in temperature at the rate of 10 °C/min to the desired temperature so as to remove the impurities. Once the impurities are flushed out, the sample is cooled down to 30 °C and the gas mixture is introduced till the desired loading is obtained.
Once the desired adsorption parameters are obtained, gas flow is switched to nitrogen to flush out the excessive CO 2 in the system. Once the CO 2 concentration reaches the background levels, carrier gas is switched to helium (it is not detected by the MS, ensuring that all desorbed species from the adsorbents are detected) and the temperature of the reactor is raised at the rate of 10 °C/min. Composition of the desorbed gas was monitored by MS thus helping us to figure out the identity and quantity of each component present in the desorbed gas.
A typical direct air capture (DAC) test, involves activation of sample as per the reported conditions followed by exposure to the laboratory environment for 24 h. Analysis of the exposed sample is carried out using TPD studies to determine the composition of the adsorbed gas. Accelerated Stability Protocol. In pharmaceutical industry, there exists a well-established criteria for the determination of a compound's stability to long-term and accelerated storage conditions. [7] The procedure incorporates all possible storage conditions from different regions around the globe. Approved as a unified testing condition by International
Conference of Harmonization (ICH) it consists of long-term, intermediate and accelerated
storage conditions valid for the USA, EU and Japan. Proven by Arrhenius equation to be a 6 valid model, accelerated stability conditions mimic an acceleration of the storage at ambient conditions and accelerated stability testing for 6 months is similar to two years of long-term storage conditions. [8] In a typical experiment, pristine sample of the adsorbent under investigation was prepared and placed into an environment where relative humidity temperature and were controlled. To achieve 75% relative humidity at 40 °C, saturated aq.
NaCl solution is placed in a desiccator stored at 40 °C. Adsorbents were placed in a separate, open glass vial and stored within the desiccator. They were exposed to this temperature and humidity continuously and aliquots were removed for analysis (PXRD, TGA, and gas sorption) after 1, 7, and 14 d.
Scheme of Thermogravimetric (TGA)-Temperature-Programmed Desorption (TPD).
Figure S1: Schematic of gas mixing system, TGA uptake analysis and TPD analysis units. 
Isosteric Heats of Adsorption Calculations
The Q st of CO 2 for TIFSIX-3-Ni, SIFSIX-3-Ni, NbOFFIVE-1-Ni, UiO-66-NH 2 , Zeolite 13X, HKUST-1, Mg-MOF-74 were calculated from the low pressure CO 2 adsorption isotherms collected at 273, 283 and 293 K.
The Clausius-Clapeyron equation was used for the calculation of Q st where virial-type equations were used to fit ten points in the adsorption data between 0 and 3000 ppm (0.3 mbar) at multiple temperatures (Equation 1). The fit for each of the compounds is shown below. All fitting was performed using Origin Pro 8.
The Q st was then calculated from the virial model using Equation 2. Powder diffraction data used for structure solution was obtained from beamline i11 at the Diamond Light Source (λ = 0.82620(6) and zero point = -0.0367(1)). [9] Due to the high energy X-ray source, two second scans using a positional scanning detector was used to collect data from a powder sample sealed in a 0.6 mm quartz capillary tube. Analysis of the powder data was carried out in GSAS-II; [10] the lattice parameters were determined and structure factors obtained by use of the Pawley method. A Monte Carlo/simulated annealing method was used for structure solution using free moving rigid bodies obtained from the Cambridge Structural Database (CSD) [11] (CSD refcode: PETWIW = TiF 6 , AHADUI = pyrazine). (See Table S7 for crystallographic details). 
